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METHOD, DEVICE AND SYSTEM FOR
REPORTING POWER HEADROM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Stage of International

Patent Application No. PCT/CN2010/07384°7 filed on Jun.
11, 2010, which claims priority to Chinese Patent Application

Number 200910087723.9 filed on Jun. 19, 2009, the disclo-

sures of which are hereby incorporated by reference 1n their
entireties.

FIELD OF THE PRESENT INVENTION

The present invention relates generally to the field of com-
munication technology, and more particularly to a method,
device and system for reporting power headroom.

BACKGROUND OF THE PRESENT INVENTION

LTE (Long Term Evolution) system 1s the evolution of 3G
(3rd Generation, the third generation communication tech-
nology) technology, it has progresses 1n system performance
requirements, network deployment scenarios, network archi-
tecture and service support capabilities and so on, compared
to 3G technology.

In LTE system, the maximum power which base station
equipment allocated to the user equipment through the UL
grant can not exceed the maximum transmitting power of the
user equipment 1n the carrier. In order to feedback the current
transmitting power of user equipment to base station, and
facilitate the base station equipment configuring and sched-
uling 1n time, the user equipment has to report PH (Power
Headroom) message. The reporting process 1s called PHR
(Power Headroom Reporting). Therein, PH value 1s the dif-
ference between the maximum transmitting power of user
equipment and the transmitting power of PUSCH (Physical
Uplink Shared Channel), which user equipment estimated.
The PH value can be calculated according to the following
formula:

PH=Py xPpuscws

Therein, PH 1s power headroom, P, ,,, 1s the maximum
transmitting power of user equipment, and Py, ;o 1s the
power used for transmitting PUSCH which carrying PHR
message.

PHR reporting format includes a MAC (Media Access
Control) subheader and a MAC CE (Control Element),
respectively, as shown in FIG. 1 and FIG. 2.

Thereimn, LCID (Logical Channel ID) 1s used for 1dentify-
ing some of the logical channel number corresponding to the
load, for reporting PHR, LCID i1s used for identifying the
corresponding load as PHR; E 1s extension bit, which 1s used
for 1dentifying next byte that 1s MAC subheader or MAC
load; R 1s reserved bit; PH 1s power headroom.

PHR-related parameters including the period of periodic
PHR-Timer, length of prohibit PHR-Timer and the dl-Path-
loss Change parameters for triggering PHR, above param-
cters are configured by RRC (Radio resource control) layer.
PHR configuration parameters, as following:

phr-Config CHOICE {
release NULL,
setup SEQUENCE {

periodicPHR-Timer ENUMERATED {sf10, sf20, sf50, sf100,
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-continued

sf200,s500, sf1000, infinity},
//description: s110 indicating the period of periodic
PHR-Timer 1s 10 sub-frame,

the meaning of other parameters and so on.
prohibitPHR-Timer ENUMERATED {sf0, sf10, sf20, sf50,

sf100,s1200,
sf500, sf1000},

//description: sf10 indicating the period of prohibitPHR-Timer
1s 10 sub-frame,
the meaning of other parameters and so on.
dl-PathlossChange ENUMERATED {dB1, dB3, dB6, infinity }
//description: dB1 indicating the value of dl-PathlossChange
1s 1 dB, the
meaning of other parameters and so on.

h

Corresponding with the PHR -related parameter, the trigger
conditions comprising:
1. Uplink resources in said user equipment 1s available,

prohibitPHR-Timer expires, and the pathloss changes from
the most recent PHR over dl-PathlossChange dB;

2. periodicPHR-Timer expires;

3. high layers configure PHR mitially or re-configures
PHR.

When any of the above condition 1s satisfied, user equip-
ment triggers PHR, informs physical layer to calculate PH
value, and 1informs Multiplexing and

Assembly process to generate PHR MAC CE; Start/re-start

pertodicPHR-Timer and prohibitPHR-Timer; cancels all
PHR triggered.

However, 1n the LTE system applying to said PHR mecha-
nism, there 1s one carrier 1n a cell, and the cell 1s called
signal-carrier cell. According to LTE system protocol, the
maximum bandwidth which can be transmitted 1s 20 MHz in
signal-carrier cell, and the lower bandwidth can not fully
meet the increasing user demand for high transmission rates.
Based on the above, generating the LTE-A (LTE-Advanced,
Advanced Long Term Evolution) system in communications
technology field. Peak speed of the system has greatly
improved over LTE, and the downlink speed 1s up to 1 Gbps,
the uplink speed 1s up to 500 Mbps. Furthermore, LTE-A
system with LTE system also has good compatibility.

In course of implementing the present invention, the imven-
tor finds out there are at least the problems below 1n the
present technology:

In the present technology, the PHR mechanism only
applies to signal-carrier system, it can not apply to multi-
carrier system as LTE-A, and 1t leads to user equipment 1n
multi-carrier system can not report power headroom, and
base station equipment can not uplink scheduling according
to the power headroom user equipment reported.

SUMMARY OF THE PRESENT INVENTION

The embodiments of the present mvention provide a
method, device and system for reporting power headroom, to
realize reporting power headroom 1n multi-carrier system.

-

The embodiments of the present invention provide a
method for reporting power headroom, comprising the fol-
lowing steps:

The user equipment judging whether power headroom
reporting 1s triggered;
If PHR 1s triggered, said user equipment reporting power

headroom independently or associatively based on compo-
nent carrier CC or power amplifier PA.
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The embodiments of the present invention further provide
a kind of user equipment, comprising:

A judging module, 1s used for judging whether power
headroom reporting PHR 1s triggered;

A reporting module, 1s used for reporting power headroom
independently or associatively based on component carrier
CC orpower amplifier PA, when said judging module judging
triggering PHR.

The embodiments of the present invention further provide
a system for reporting power headroom, comprising a user
equipment and a base station equipment, said system cell
uplink includes at least two component carrier CC, said user
equipment set at least one power amplifier PA,

Said base station equipment, 1s used for configuring PHR -
related parameters for each CC or PA, and informing said
PHR-related parameters to said user equipment by radio
resources control RRC signaling;

Said user equipment, 1s used for judging whether power
headroom reporting PHR 1s triggered, when trigging PHR,
reporting power headroom independently or associatively
based on CC or PA.

Comparing with present technology, the invention includ-
ing the following advantages:

When there 1s any PHR trigger condition 1s satisfied, the
technical solution realizes power headroom reporting in
multi-carrier system by reporting power headroom indepen-
dently or associatively based on the CC or the PA, and can
make a base station equipment process uplink scheduling
better according to the power headroom coming from the user
equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structure diagram of MAC subheader 1n prior
art;

FIG. 2 1s a structure diagram of MAC CE 1n prior art;

FIG. 3 1s a tlow diagram of a method for reporting power
headroom of Embodiment 1 of the present invention;

FIG. 4 15 a flow diagram of a method for reporting power
headroom of Embodiment 2 of the present invention;

FIG. § 1s a structure diagram of MAC CE of Embodiment
2 of the present 1invention;

FIG. 6 1s a tlow diagram of a method for reporting power
headroom of Embodiment 3 of the present invention;

FI1G. 7 1s a structure diagram of MAC CE of Embodiment
3 of the present invention;

FI1G. 8 1s other structure diagram of MAC CE of Embodi-
ment 3 of the present invention;

FI1G. 9 1s another structure diagram of MAC CE of Embodi-
ment 3 of the present invention;

FI1G. 10 1s a tlow diagram of a method for reporting power
headroom of Embodiment 4 of the present invention;

FIG. 11 1s a flow diagram of a method for reporting power
headroom of Embodiment 5 of the present invention;

FI1G. 12 1s a structure diagram of MAC CE of Embodiment
S of the present invention;

FI1G. 13 1s other structure diagram of MAC CE of Embodi-
ment 5 of the present invention;

FI1G. 14 1s a structure diagram of a user device of Embodi-
ment 6 of the present invention;

FIG. 15 1s a structure diagram of reporting power head-
room system of Embodiment 7 of the present invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS OF THE PRESENT
INVENTION

L1

For increasing peak rate, compatible with LTE system and
meeting the need of full use of spectrum resources, LTE-A
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system 1ntroduces CA(Carrier Aggregation) technology for
increasing bandwidth, which converges continuous or dis-
continuous carriers 1n the same cell, service for user equip-
ments 1n the cell together, so as to provide higher data trans-
mission rate. Uplink includes more than one CC (Component
Carrier) of the cell applied to CC, rather than only one carrier
as LTE system 1n wireless commumnication system before. The
bandwidth between different CC can be same or different,
however, for compatible with LTE system, the maximum
bandwidth of each CC 1s limited to 20 MHz, and generally the
maximum amount of CC 1s 5.

For multi-carrier system, user equipment 1s configured one
or more PA (Power Amplifier), 1t has limitation of maximum
transmitting power PMAX to each PA, the maximum trans-

mitting power PMAX of PA 1s shared with all CC which the
PA supported. Ditfierent PA can be configured different maxi-
mum transmitting power PMAX, and the maximum amount

of PA 1s 2.

The technical solution of the embodiments of the present
invention comprising: CC or PA based on multi-carrier sys-
tem judges whether PHR 1s triggered, reports power head-
room 1independently or associatively based on the CC or the
PA, when there 1s any PHR trigger condition 1s satisfied.

In the following parts, detailed, clear and complete descrip-
tions of the technology programs of the present invention are
made combined with drawings of the embodiments. It is clear
that the embodiments of the present invention described here
are only parts of the embodiments of the present invention.
According to the embodiments of the present invention, any
other embodiments made by technical personnel of the field
in the absence of creative work are all belong to the scope of
the patent protection of the ivention.

As shown 1n FIG. 3, 1s a flow diagram of a method for
reporting power headroom of Embodiment 1 of the present
invention, applies to the multi-carrier system including user
equipment and base station equipment, the multi-carrier sys-
tem cell uplink including at least two CC, and the user equip-
ment 1s set at least one PA. The method comprising the fol-
lowing steps:

Step 101, user equipment judges whether PHR 1s triggered,
if PHR 1s triggered, performs step 102, 11 not, end the tlow.

Specifically, each CC and PA of user equipment may be
configured PHR -related parameters separately, the PHR -re-

lated parameters between diflerent CC can be same or differ-
ent; the PHR -related parameters between different PA can be
same or different.

User equipment may judge whether there 1s any trigger
condition 1s satisfied, according to PHR-related parameters
configured for CC or PA separately.

Step 102, user equipment reports power headroom inde-
pendently or associatively based on CC or PA.

Specifically, if the user equipment satisfies with any of the
trigger condition 1n certain CC, the PHR of the CC may be
triggered independently, as well as trigger PHR of all CC may
be triggered associatively; 1f user equipment satisfies with
any of the trigger condition 1n certain PA, the PHR of the PA
may be triggered independently, as well as PHR of all PA may
be triggered associatively;

When there 1s any trigger condition 1s satisfied, the
embodiments of the present mnvention realize power head-
room reporting 1n a multi-carrier system by reporting power
headroom 1independently or associatively based on CC or PA,
and can make a base station equipment process uplink sched-
uling better according to the power headroom coming from
the user equipment.
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As shown 1n FIG. 4, 1s a flow diagram of a method for
reporting power headroom of embodiment 2 of the present
invention, the method comprising the following steps:

Step 201, the base station equipment configures PHR-
related parameters separately for each CC of the user equip-
ment.

Herein, the PHR -related parameters between different CC
can be same or different. The base station equipment informs
PHR -related parameters for each CCto the user equipment by
RRC signaling, and the CC indication within the signaling.
The method of configuration applies to discontinuous carriers
converge.

Step 202, the user equipment judges PHR independently 1n
cach CC.

Specifically, according to the PHR -related parameters con-
figured for each CC, the user equipment judges whether there
1s any trigger condition 1s satisfied 1n each CC as following:

1. Prolib1tPHR -Timer expires or has expired and the path
loss has changed more than dl-PathlossChange dB since the
last transmission of a PHR when the UE has UL resources for
new transmission:

2. periodicPHR -Timer expires;

3. upon initial configuration or reconfiguration of the
power headroom reporting functionality by upper layers.

When the PHR-related parameters configured for each CC
satisfied with any of the above condition, the user equipment
triggers PHR of the CC.

It should be noted that, the trigger conditions are not lim-
ited to the three conditions listed above.

Step 203, the user equipment judges whether the uplink
resources 1indicated by UL grant (Up Link grant) 1n said CC
can accommodate said PHR, 111t can accommodate, performs
step 204, 1f 1t can not accommodate, end the flow.

Herein, the PHR 1n CC there 1s any PHR trigger condition
1s satisfied use the LTE system PHR report format, and the
format includes PHR MAC CE and PHR MAC subheader.

Specifically, 11 PHR calculating based on the maximum
transmitting power of each CC, it can use PHR MAC sub-
header structure and the PHR MAC CE structure as shown in
FIG. 1 and FIG. 2. If PHR calculating 1s based on the maxi-
mum transmitting power of PA, besides, the maximum trans-
mitting power of LTE PA 1s closer to the maximum transmit-
ting power of LTE-A PA, it can use PHR MAC subheader
structure and the PHR MAC CE structure as shown 1n FIG. 1
and FI1G. 2. When the maximum transmitting power of PA 1n
LIE-A 1s much different to the maximum transmitting power
of PA 1n LTE, 1t can report power headroom with one or two
R domain of LTE PHR MAC CE, the PHR MAC CE structure
as shown 1 FIG. 5. If PHR calculating 1s based on the maxi-
mum transmitting power of user equipment, and the user

equipment supports multiple PA, 1t can report power head-
room with one or two R domain of LTE PHR MAC CE, the

PHR MAC CE structure as shown in FIG. §.

Step 204, the user equipment informs physical layer to
calculate PH value of the CC which there 1s any PHR trigger
condition 1s satisfied.

Specifically, the PH value 1n the CC can be calculated
according to the following formula:

PHee=FPirax cc—Fecs

Therein, PH .. 1s PH value n CC, P,y ~ 1S maximum
transmitting power of the CC, P 1s the transmitting power
of the uplink subiframe used for reporting power headroom.

Before the user equipment reporting power headroom
independently, the base station equipment distributes the
maximum transmitting power of user equipment to each CC
based on the user equipment and the P, ~~configured tor
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PA. It Py, v cc 18 configured based on user equipment, then
the sum ot P,,,, - of all CC 1s equal to the maximum
transmitting power of user equipment. If P, - 1s contig-
ured based on PA, then the sum of P, ~ of all CC sup-
ported by a PA 1s equal to the maximum transmitting power of
the PA.P,,, v < configurationis determined according to the
maximum transmitting power of user equipment, the PA con-
figuration or user equipment configuration, the amount of PA
in user equipment, the amount of CC each PA supported, the
bandwidth of each CC, and so on.

After distributing P,,, ~ for each CC, the base station
equipment mforms the user equipment by control signaling,

make P, ,+ ~~ setting rule, and informs the rule to user
equipment or defines it in protocol. Said control signaling
includes P,,, . ~~ 0l each CC, and the control signaling can
be RRC signaling or [.1/1.2 signaling.

The PH value 1n CC also can be calculated according to the
following formula:

PHee=Pypax—Fecs

Thereimn, PH~1s PH value of CC, P, ,, +-1s maximum trans-
mitting power ol the user equipment or PA which includes the
CC, P 1s the transmitting power uplink sub-frame required
for user equipment reporting power headroom.

It P,,,+1s configured based on user equipment, then P, , , ,-
1s the maximum transmitting power of the user equipment; If
P,,.s 18 configured based on PA, then P, ., ;- 1s the maximum
transmitting power of the PA which 1s included.

Step 205, the user equipment reports power headroom
according to the calculated PH value.

Specifically, MAC layer of the user equipment generates
the PHR MAC CE according to the PH value calculated by
Physical layer, and reports power headroom 1n the first uplink
resources indicated by UL grant 1n said CC can accommodate
said PHR, cancels all triggered PHR 1n the CC.

Step 206, the user equipment start/re-start prohibi1tPHR -
Timer and periodicPHR-Timer for the CC, maintains the
PHR -related parameters for the CC independently.

When there 1s any PHR trigger condition 1s satisfied based
on CC, the embodiments of the present invention reports
power headroom independently for the CC, realize power
headroom reporting in a multi-carrier system, and can make a
base station equipment process uplink scheduling better
according to the power headroom coming from the user
equipment.

As shown 1n FIG. 6, 1s a flow diagram of a method for
reporting power headroom of Embodiment 3 of the present
invention, the method comprising the following steps:

Step 301, the base station equipment configures common
PHR -related parameters for all CC 1n user equipment, and
informs the PHR -related parameters to the user equipment by
RRC signaling. The method applies to continuous carriers
converge.

Step 302, the user equipment judges PHR 1s triggered
independently 1n each CC.

Specifically, according to common PHR-related param-
cters configured for all CC, the user equipment judges
whether there 1s any PHR trigger condition 1s satisfied in each
CC as following;:

1. ProhibitPHR-Timer expires or has expired and the path
loss has changed more than dl-PathlossChange dB since the
last transmission of a PHR when the UE has UL resources for
new transmission:

2. PeriodicPHR -Timer expires;

3. Upon mitial configuration or reconfiguration of the
power headroom reporting functionality by upper layers.
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When the PHR -related parameters configured for each CC
1s satisfied with any of the above condition, the user equip-
ment triggers all CC to report power headroom associatively.

It should be noted that, the trigger conditions are not lim-
ited to the three conditions listed above.

Step 303, the user equipment judges whether the uplink
resources of the CC indicated by UL grant can accommodate
PHR, 11 it can accommodate, performs step 304, 11 1t can not
accommodate, end the flow.

Therein, PHR 1n all CC use the association report format,
and the format includes PHR MAC CE and PHR MAC sub-
header.

Specifically, if PHR calculating 1s based on the maximum
transmitting power of each CC, and the amount of CC LTE-A
system supported 1s no more than 5, so 1t can extend the report
format of current L'TE system, as shown 1n FIG. 7; To save
costs, R domain reserved for LTE systems can be used. PHR
report format 1s as shown 1n FIG. 8. To further reduce report
costs, differential reporting between the various CC can be
used also, R-bit 1s not limited to the position shown 1n the
Figs.

If PHR calculating 1s based on the maximum transmitting,
power ol PA, besides, the maximum transmitting power of
LTE-A PA 1s closer to the maximum transmitting power of
LTE PA, 1t can use the PHR MAC CE structure as shown 1n
FIG. 7 or 8. Otherwise, 1t can use one or two R domain of LTE
PHR MAC CE, the LTE PHR MAC CE structure 1s as shown
in FIG. 9.

If PHR calculating is based on the maximum transmitting,
power ol user equipment, and the user equipment supports

multiple PA, 1t can use LTE PHR MAC CE R-domain of LTE
PHR MAC CE in LTE system, the PHR MAC CE structure as
shown 1n FIG. 8. Therein, PH ., 1s the 1-th CC uplink power
headroom.

The meaning of MAC header and the meamng of the
domains in PHR MAC CE structure are consistent with the
LTE systems. To multi-CC PHR associatively, MAC sub-
header LCD wvalue 1s same or different with the LCD in
single-CC PHR 1ndependently. If the values are same, there 1s
only one kind of PHR format, and if the values are different,
variety of PHR formats can coexist.

Step 304, the user equipment informs physical layer to
calculate PH value of all CC.

Specifically, the PH value 1n the CC can be calculated
according to the following formula:

PHee=FPirax cc—Fecs

Theremn, PH, 1s PH value in CC, P,,,+ .~ 1s maximum
transmitting power of the CC, P ... is the transmitting power
of the uplink subiframe used for reporting power headroom.

The base station equipment distributes the maximum trans-
mitting power ol user equipment to each CC based on the user
equipmentandthe P, . ~~configuredfor PA.I1P,,,+ 15
configured based on user equipment, then the sum of
P,,.+ ~~ of all CC 1s equal to the maximum transmitting
power of user equipment. If P, .- - is configured based on
PA, then the sum of P,,,+ ~ of all CC supported by PA is
equal to the maximum transmitting power of the PA.
P,..x cc configuration 1s determined according to the maxi-
mum transmitting power of user equipment, the PA configu-
ration or user equipment configuration, the amount of PA in
user equipment, the amount of CC each PA supported, the
bandwidth of each CC, and so on.

After distributing P,,, . ~~ for each CC, the base station
equipment informs the user equipment by control signaling,
make P, ., ~~ setting rule, and imnforms the rule to user
equipment or defines it in protocol.
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Step 305, the user equipment reports power headroom
according to the calculated PH value based on CC PHR
associatively.

Specifically, MAC layer of the user equipment generates
the PHR MAC CE according to the PH value calculated by

Physical layer, and reports power headroom associatively
based on CC 1n uplink resources indicated by UL grant
accommodate said PHR, cancels all triggered PHR 1n the CC.

Step 306, the user equipment start/re-start prohibi1tPHR -
Timer and periodicPHR-Timer, maintains the PHR-related
parameters for all CC together.

When there 1s any PHR trigger condition 1s satisfied based
on CC, the embodiments of the present invention reports
power headroom associatively for all CC, realize power head-
room reporting in a multi-carrier system, and can make a base
station equipment process uplink scheduling better according,
to the power headroom coming from the user equipment.

As shown 1n FIG. 10, 1s a flow diagram of a method for
reporting power headroom of Embodiment 4 of the present
invention, the method comprising the following steps:

Step 401, the base station equipment configures PHR-
related parameters separately for each PA of user equipment.

Therein, the PHR -related parameters between difierent PA
can be same or different. The base station informs PHR-
related parameters of each PA to the user equipment by RRC
signaling, and the PA indication within the signaling. The
method of configuration applies to the situation that the inter-
val of PA center frequency is larger.

Step 402, the user equipment judges PHR independently in
cach CC.

Specifically, according to the PHR -related parameters con-
figured for each PA, the user equipment judges whether there
1s any PHR trigger condition 1s satisfied in each PA as follow-
ng:

1. ProhibitPHR-Timer expires or has expired and the path
loss has changed more than dl-PathlossChange dB since the
last transmission of a PHR when the UE has UL resources for
new transmission:

2. periodicPHR-Timer expires;

3. upon 1nitial configuration or reconfiguration of the
power headroom reporting functionality by upper layers.

When the PHR -related parameters configured for each CC
1s satisfied with any of the above condition, the user equip-
ment triggers PHR of the CC.

It should be noted that, the trigger conditions are not lim-
ited to the three conditions listed above. Therein, judging
pathloss can use any of the following method:

1. Compares the average pathloss change of all CCs sup-
ported by said PA with dl-PathlossChange configured for the
PA;

2. Compares the greatest pathloss change amongst all CCs
supported by said PA with dl-PathlossChange configured for
the PA;

3. Compares the smallest pathloss change amongst all CCs
supported by said PA with dl-PathlossChange configured for
the PA;

4. Defines a data transmitting primary carrier for the PA,
compares the pathloss change of the primary carrier defined
for the said PA with dl-PathlossChange configured 1n the PA.

Step 403, the user equipment judges whether the uplink
resources indicated by UL grant 1n all CC supported by the PA
can accommodate said PHR, the PA 1s satisfied with any PHR
trigger condition. It so, performs step 404, 11 not, end the flow.

Therein, the PHR 1n PA use PA report format indepen-

dently, and the format includes PHR MAC CE and PHR MAC
subheader.
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Specifically, if PH calculating based on the maximum
transmitting power of each PA, each PA PHR report format
use MAC sub-header structure and the PHR MAC CE struc-
ture 1s as shown 1n FIG. 1 and FIG. 2; If the maximum
transmitting power of LTE-A 1s greater than the maximum
transmitting power of LTE PA, but not more than 4 times
maximum transmitting power of LTE PA, i1t can use one or
two R domain of LTE PHR MAC CE, the PHR MAC CE
structure 1s as shown 1n FIG. 5.

If PH calculating 1n each PA 1s based on the maximum
transmitting power of user equipment, it can use one or two R
domain of LTE PHR MAC CE, the PHR MAC CE structure 1s
as shown in FIG. 5.

Step 404, the user equipment informs physical layer to
calculate PH value of PA which there 1s any PHR trigger
condition 1s satisfied.

Specifically, the PH value 1n PA can be calculated accord-
ing to the following formula:

PHps = Pyax — Z Pcc,
PA

Therem, PH,, 1s PH value 1n PA, P,,,+ - 15 maximum
transmitting power of the PA, 2P .-~ 1s the sum of transmitting
power of the uplink sub-frame 1n all CC supported by the PA.

Step 405, the user equipment reports power headroom
according to the calculated PH value based on PA PHR 1nde-
pendently.

Specifically, MAC layer of the user equipment generates
the PHR MAC CE according to the PH value calculated by

Physical layer, and reports power headroom 1n said uplink
resources indicated by UL grant 1n any said CC can accom-

modate said PHR, cancels all triggered PHR 1n the PA.

Step 406, the user equipment start/re-start prohibitPHR -
Timer and periodicPHR-Timer for the PA, maintains the
PHR -related parameters for the PA independently.

When there 1s any PHR trigger condition 1s satisfied based
on PA, the embodiments of the present invention reports
power headroom independently for PA, realize power head-
room reporting in a carrier system, and can make a base
station equipment process uplink scheduling better according
to the power headroom coming from the user equipment.

As shown 1n FIG. 11, 1s a flow diagram of a method for
reporting power headroom of Embodiment 5 of the present
invention, the method comprising the following steps:

Step 501, the base station equipment configures common
PHR -related parameters for all PA 1n user equipment, and
informs the PHR -related parameters to the user equipment by
RRC signaling.

Step 302, the user equipment judges PHR 1s triggered
independently in each PA.

Specifically, according to common PHR-related param-
cters configured for all PA, the user equipment judges
whether there 1s any PHR trigger condition 1s satisfied 1n each
PA as following:

1. Prolib1tPHR -Timer expires or has expired and the path
loss has changed more than dl-PathlossChange dB since the
last transmission of a PHR when the UE has UL resources for
new transmission;

2. periodicPHR -Timer expires;

3. upon 1nitial configuration or reconfiguration of the
power headroom reporting functionality by upper layers.

When any PA of the user equipments PHR trigger condi-
tion 1s satisfied, 1t triggers all PA PHR associatively.
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It should be noted that, the PHR trigger conditions are not
limited to the three conditions listed above. Herein, judging
pathloss 1 each PA can use any of the following method:

1. Compares the average pathloss change of all CCs sup-
ported by said PA with dl-PathlossChange configured for the
PA;

2. Compares the greatest pathloss change amongst all CCs
supported by said PA with dl-PathlossChange configured for
the PA;

3. Compares the smallest pathloss change amongst all CCs
supported by said PA with dl-PathlossChange configured for

the PA;

4. Defines a data transmitting primary carrier for the PA,
compares the pathloss change of the primary carrier defined
for the said PA with dl-PathlossChange configured in the PA.

Step 303, the user equipment judges whether the uplink
resources indicated by UL grant 1 all CC supported can
accommodate PHR 1n all PA, 11 so, performs step 504, if not,
end the tlow.

Therein, the PHR 1n all PA use PA report format associa-

tively, and the format includes PHR MAC CE and PHR MAC

subheader.

Specifically, if PH calculating 1n each PA 1s based on the
maximum transmitting power of the PA, then PHR associa-
tively based on PA report format as shown 1 FIG. 12; IT PH
calculating 1n each PA 1s based on the maximum transmit

power of user equipment, 1t can use one or two R domain of
LTE PHR MAC CE, the PHR MAC CE structure 1s as shown

in FIG. 13.

Therein, the meaning of domains 1s consistent with the LIE
system, MAC subheader LCID value 1s same or different with
the LCID in single-CC PHR. If the values are same, there 1s
only one kind of PHR format in PHR, and 1f the values are
different, two kinds of PHR formats can coexist in PHR.
PH,,, and PH,,, represents separately uplink power head-
room of the first PA and uplink power headroom of the second
PA.

Step 504, the user equipment informs physical layer to
calculate PH value 1n each PA.

Specifically, the PH value of PA can be calculated accord-
ing to the following formula:

PHps = Pyax — ) Pecs
PA

Therein, PH,, 1s PH value of PA, P, ., .~ 15 maximum
transmitting power of the PA, 2P ..is the sum of transmitting,
power ol uplink sub-frame 1n all CC supported by the PA.

Step 505, the user equipment reports power headroom
according to the calculated PH value based on PA PHR asso-
clatively.

Specifically, MAC layer of the user equipment generates
the PHR MAC CE according to the PH value calculated by
Physical layer, and reports power headroom with the
resources 1ndicated by UL grant in the CC of user equipment
can accommodate the PHR, cancels all triggered PHR 1n all
PA.

Step 306, the user equipment start/re-start prohibi1tPHR -
Timer and periodicPHR-Timer, maintains the PHR-related
parameters for all PA together.

When there 1s any PHR trigger condition 1s satisfied based
on PA, the embodiments of the present invention reports
power headroom associatively for all PA, realize power head-
room reporting 1 a carrier system, and can make a base
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station equipment process uplink scheduling better according
to the power headroom coming from the user equipment.

As shown 1n FIG. 14, 1s a structure diagram of a user device
of Embodiment 6 of the present invention, applies to the
multi-carrier system including user equipment and base sta-
tion, the multi-carnier system cell uplink including at least
two CC, and user equipment includes at least one PA. The
user equipment comprising;

A judging module 610, 1s used for judging whether PHR 1s
triggered.

The judging module 610 1s specifically used for judging
whether there 1s any PHR trigger condition 1s satisfied accord-
ing to the PHR-related parameters configured tor CC or PA.
Each CC and PA of the user equipment 1s configured PHR -
related parameters respectively, and the PHR-related param-
eters between different CC can be same or different; the
PHR -related parameters between different PA can be same or
different.

A reporting module 620, 15 used for reporting power head-
room independently or associatively based on CC or PA,
when judging module 610 judges PHR 1s triggered.

Specifically, 1f judging module 610 judges there 1s any
PHR trigger condition 1s satisfied 1n certain CC, reporting
module 620 may report power headroom independently in the
CC, or may report power headroom associatively in all CC; If
tudging module 610 judges there 1s any PHR trigger condition
1s satisfied 1n certain PA, reporting module 620 may report
power headroom independently in the PA, or may report
power headroom associatively 1n all PA.

when reporting module 620 reports power headroom 1nde-
pendently based on CC, 1s specifically used for judging
whether the uplink resources imndicated by CC UL grant can
accommodate PHR, 1f so, calculates the PH value 1n the CC,
generates PHR MAC CFE according to the PH value, and send
the PHR MAC CE 1n the uplink resources indicated by UL
grant 1n the CC, which can accommodate the PHR.

It should be noted that the above modules can be distributed
in a device and can also be spread across multiple devices.
The modules can be combined 1nto a module, and also can be
turther split into several sub-modules.

When there 1s any PHR trigger condition 1s satisfied, the
embodiments of the present invention realize power head-
room reporting in a multi-carrier system by reporting power
headroom independently or associatively based on CC or PA,
and can make a base station equipment process uplink sched-
uling better according to the power headroom coming from
the user equipment.

As shown 1 FIG. 15, 1s a structure diagram of reporting
power headroom system of Embodiment 7 of the present
invention. The system comprising a base station 710 and a
user equipment 720, the system cell uplink including at least
two CC, and the user equipment 1s set at least one PA, therein,

Base station equipment 710, 1s used for configuring PHR -
related parameters for each CC or PA, and informing the
PHR -related parameters to user equipment 720 by RRC sig-
naling.

Therein, the PHR -related parameters between ditferent CC
can be same or different; the PHR-related parameters
between different PA can be same or different.

The base station equipment 710, 1s also used for distribut-
ing power between CC supported by PA according to the
maximum transmitting power of PA, and informing the maxi-
mum transmitting power of each CC to user equipment 720.

Specifically, after distributing the maximum transmitting
power for each CC, base station equipment 710 imnforms the
user equipment 720 by control signaling, make the maximum
transmitting power setting rule, and mforms the rule to user
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equipment 720, or defines 1t 1n protocol. Said control signal-
ing includes the maximum transmitting power of each CC,
and the control signaling can be RRC signaling or L1/1.2
signaling.

User equipment 720, 1s used for judging whether PHR 1s
triggered, when PHR 1s triggered, reports power headroom
independently or associatively based on CC or PA.

Specifically, if user equipment 720 there 1s any PHR trigger
condition 1s satisfied 1n certain CC, 1t may report power head-
room 1ndependently 1n the CC, or may report power head-
room associatively 1n all CC; IT user equipment 720 there 1s
any PHR trigger condition 1s satisfied 1n certain PA, it may
report power headroom independently 1 the CC, or may
report power headroom associatively 1n all PA.

When there 1s any PHR trigger condition 1s satisfied, the
embodiments of the present imnvention realize power head-
room reporting 1n a multi-carrier system by reporting power
headroom independently or associatively based on CC or PA,
and can make a base station equipment process uplink sched-
uling better according to the power headroom coming from
the user equipment.

Through the description of the embodiments above, the
technical personnel 1n this field can understand clearly that
the present invention can be implemented by hardware or
soltware and necessary current hardware platform. Based on
this understanding, the technical program of the present
invention can be embodied by a form of software products
which can be stored in a nonvolatile storage medium (such as

CD-ROM, U disk, mobile hard disk, etc.), including a number

of 1nstructions for making a computer device (such as per-
sonal computers, servers, or network equipments, etc.) imple-
ment the methods described 1n the embodiments of the

present invention.

The technical personnel 1n this field can be understood that
the illustration 1s only schematic drawings of a preferred
embodiment, and the module or process 1s not necessary for
the implementation of the present invention.

The technical personnel 1n this field can be understood that
the modules can be distributed 1in device of the embodiments
according to the description of the embodiments above, and
also can be varied 1n one or multiply device of the embodi-
ments. The modules of the embodiments can be combined
into a module, and also can be further split into several sub-
modules.

The number of the embodiments 1s only to describe, it does
not represent the pros and cons of the embodiments.

The descriptions above are just preferred implement ways
of the present invention. It should be pointed that, for general
technical personnel 1n this field, some improvement and
decorating can be done, which should be as the protection
scope of the present invention.

The mvention claimed 1s:

1. A method for reporting power headroom, comprising the

following steps:

judging whether power headroom reporting (PHR) 1s trig-
gered by a user equipment;

If PHR 1s triggered, said user equipment reporting power
headroom imndependently or associatively based on com-
ponent carrier CC or power amplifier PA;

wherein, before said user equipment judging whether PHR
1s triggered, further comprising:

a base station equipment configuring PHR -related param-
eters for each CC or PA, and informing said PHR -related
parameters to said user equipment;
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Said user equipment judging whether power headroom
reporting 1s triggered, comprising:

Said user equipment judging whether there 1s any PHR
trigger condition 1s satisfied according to the PHR-re-
lated parameters configured for CC or PA.

2. The method according to claim 1, wherein, said PHR-
related parameters are included 1n radio resource control sig-
naling.

3. The method according to claim 1, wherein, said PHR-
related parameters comprise at least one of the following:

The period of periodicPHR-Timer, the length of prohibit-
PHR-Timer, and the dl-Pathloss Change parameter for
triggering PHR.

4. The method according to claim 3, wherein, said the

trigger conditions comprising at least one of the following;:

ProhibitPHR-Timer expires or has expired and the path
loss has changed more than dl -PathlossChange dB since
the last transmission of a PHR when the UE has UL
resources for new transmission;

Prohib1tPHR-Timer expires;

upon 1nitial configuration or reconfiguration of the power
headroom reporting functionality by upper layers.

5. The method according to claim 4, wherein, when said
user equipment judging whether there 1s any trigger condition
1s satisfied according to the PHR-related parameters config-
ured for PA, the pathloss change from the most recent PHR
comprising at least one of the following:

The average pathloss change of all CCs supported by said
PA, the greatest pathloss change amongst all CCs sup-
ported by said PA, the smallest pathloss change amongst
all CCs supported by said PA, and the pathloss change of
the primary carrier defined for the said PA.

6. The method according to claim 1, wherein, said user
equipment reporting power headroom independently based
on CC, comprising:

Said user equipment confirming the uplink resources indi-
cated by UL grant in said CC can accommodate said
PHR, calculating the power headroom PH value of said
CC, generating PHR media access control element
MAC CE according to said PH value, and sending said
PHR MAC CE m said uplink resources indicated by UL
grant of said CC which can accommodate said PHR.

7. The method according to claim 6, wherein, said PH value

1s calculated in reference to at least one of the following:

The maximum transmitting power of said CC, maximum
transmitting power of PA which includes said CC, and
maximum transmitting power of said user equipment.

8. The method according to claim 7, wherein, when said PH
value 1s calculated according to the maximum transmitting,
power of said CC, before said user equipment reporting,
power headroom independently or associatively based on
CC, further comprising:

Said base station equipment distributing power between
CC supported by said PA according to maximum trans-
mitting power of PA, informing said maximum trans-
mitting power of each CC to said user equipment, said
maximum transmitting power of each CC 1s included 1n
control signaling, said control signaling includes RRC
signaling or LL1/1.2 signaling.

9. The method according to claim 1, wherein, said user
equipment reporting power headroom associatively based on
CC, comprising:

Said user equipment confirming the uplink resources indi-

cated by UL grant of said CC, which can accommodate
PHR of all CC, calculating PH value of all CC, generat-

ing PHR MAC CE according to said PH value, and
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sending said PHR MAC CE 1n said uplink resources
indicated by UL grant in any said CC which can accom-
modate said PHR.

10. The method according to claim 1, wherein, said user
equipment reporting power headroom independently based
on PA, comprising:

Said user equipment confirming the uplink resources,
which 1s indicated by UL grant 1n said CC supported by
said PA, can accommodate said PHR, calculating PH
value 1n said PA, generating PHR MAC CE according to
said PH value, and sending said PHR MAC CE 1n said
uplink resources indicated by UL grant of said CC which
can accommodate said PHR.

11. The method according to claim 10, wherein, said PH
value 1s calculated according to the maximum transmitting
power of PA.

12. The method according to claim 1, wherein, said user
equipment reporting power headroom associatively based on
PA, comprising;

Said user equipment confirming the uplink resources indi-
cated by UL grant of said CC can accommodate PHR of
all PA, calculating PH value for all PA, generating PHR
MAC CE according to said PH value, and sending said
PHR MAC CE 1n said uplink resources indicated by UL
grant 1n any said CC which can accommodate said PHR.

13. A user equipment, comprising:

A judging module, 1s used for judging whether power
headroom reporting PHR 1s triggered;

A reporting module, 1s used for reporting power headroom
independently or associatively based on component car-
rier CC or power amplifier PA, when said judging mod-
ule judging triggering PHR;

wherein, said judging module 1s specifically used for judg-
ing whether there 1s any PHR trigger condition 1s satis-
fied according to the PHR-related s parameters config-
ured 1n CC or PA.

14. The user equipment according to claim 13, wherein,
when said reporting module reporting power headroom inde-
pendently based on CC, 1s specifically used for judging
whether the uplink resources indicated by UL grant 1n said
CC can accommodate said PHR, if so, calculating the power
headroom PH value 1n said CC, generating PHR media access
control element MAC CE according to said PH value, and
sending said PHR MAC CE 1n said uplink resources indicated
by UL grant of said CC which can accommodate said PHR.

15. The user equipment according to claim 13, wherein,
when said reporting module reporting power headroom asso-
ciatively based on CC, i1s specifically used for judging
whether the uplink resources indicated by UL grant of said
CC can accommodate PHR of all CC, if so, calculating PH
value 1n all CC, generating PHR MAC CE according to said
PH value, and sending said PHR MAC CE 1n said uplink
resources indicated by UL grant 1n any said CC which can
accommodate said PHR.

16. The user equipment according to claim 13, wherein,
when said reporting module reporting power headroom inde-
pendently based on PA, 1s specifically used for judging
whether the uplink resources indicated by UL grant 1n said
CC supported by said PA can accommodate said PHR, 1f so,
calculating PH value 1n said PA, generating PHR MAC CE
according to said PH value, and sending said PHR MAC CE
in said uplink resources indicated by UL grant of said CC
which can accommodate said PHR.

17. The user equipment according to claim 13, wherein,
when said reporting module reporting power headroom asso-
ciatively based on PA, 1s specifically used for judging whether
the uplink resources indicated by UL grant of said CC can
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accommodate PHR of all PA, if so, calculating PH value for
all PA, generating PHR MAC CE according to said PH value,
and sending said PHR MAC CE 1n said uplink resources
indicated by UL grant 1n any said CC which 1s accommodate
said PHR. 5
18. A system for reporting power headroom, comprising a
user equipment of claim 13 and a base station equipment, said
system cell uplink includes at least two component carrier
CC, said user equipment includes at least one power amplifier
PA, wherein, 10

Said base station equipment, 1s used for configuring PHR -
related parameters for each CC or PA, and informing
said PHR -related parameters to said user equipment by
radio resource control RRC signaling;

Said user equipment, 1s used for judging whether power 15
headroom reporting PHR 1s triggered, when trigging
PHR, reporting power headroom independently or asso-
ciatively based on CC or PA.
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